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7KHDLPRIWKLVVWXG\ LVWRH[DPLQHLQIOXHQFHRISKDVHWUDQVIRUPDWLRQ LQPRGLILHG&U0RVWHHO RQUHVLGXDOVWUHVVLQGXFHG
GXHWR *DV7XQJVWHQDUF:HOGLQJ*7$SURFHVV 0RGLILHG&U0RVWHHOLVRQHRIWKHFDQGLGDWHPDWHULDOXVHGLQ,QGLDQ7HVW
%ODQNHW0RGXOHPRFNXSWULDO IRU,7(5IXVLRQUHDFWRU ,QWKLVSDSHU WRVLPXODWH WHPSHUDWXUHILHOGDQGVWUHVVGLVWULEXWLRQLQDQ
DXWRJHQRXV*7$ZHOGLQJRIPPWKLFN0RGLILHG&U0RVWHHOSODWHD' PHVKHG PRGHOEDVHGRQILQLWHHOHPHQWPHWKRG LV
GHYHORSHGXVLQJ FRPPHUFLDO ZHOGLQJVRIWZDUH6<6:(/'7ZRW\SHVRIPDWHULDOGDWDEDVH DUH XVHGIRUVLPXODWLRQ FRQVLGHULQJ
ZLWKDQGZLWKRXWSKDVHWUDQVIRUPDWLRQ7KHUPRPHFKDQLFDODQDO\VLVRI*7$ZHOGLQJLVVLPXODWHGE\DSSO\LQJGRXEOHHOOLSVRLGDO
KHDW GLVWULEXWLRQPRGHO (IIHFWV RI WKH KHDW VRXUFH GLVWULEXWLRQ RQ FKDQJH LQ WHPSHUDWXUH ZHUH LQYHVWLJDWHG E\ EHDGRQSODWH
ZHOGLQJIXUWKHUVDPHKHDWLQSXWSDUDPHWHUVDUHXVHGIRUZHOGLQJRI VTXDUH EXWWMRLQWSODWH 7HPSHUDWXUHKLVWRU\GXULQJZHOGLQJ
ZDVUHFRUGHGXVLQJWKHUPRFRXSOHV SODFHGQHDUHUWRZHOGOLQHDQG LQGXFHG UHVLGXDOVWUHVVHV LQZHOGSODWH ZHUHPHDVXUHGXVLQJ;
UD\GLIIUDFWLRQPHWKRG&RPSDULVRQRI WKHUPDODQDO\VLVZLWKH[SHULPHQWDO UHVXOWVVKRZHGDJRRGDJUHHPHQWIRUERWKFDVHV ,Q
FDVH RI WKHUPR PHFKDQLFDO DQDO\VLV WKH SUHGLFWHG UHVLGXDO VWUHVV XVLQJ SKDVH WUDQVIRUPDWLRQ SURSHUWLHV LQ PDWHULDO GDWDEDVH
VKRZHG D JRRGDJUHHPHQWZLWKH[SHULPHQWDOUHVXOWVZKHUHDVLQVHFRQGFDVHFRQVLGHULQJZLWKRXWSKDVHWUDQVIRUPDWLRQ WKHUHLV D
ODUJHGLIIHUHQFH LQSUHGLFWHG QXPHULFDO UHVXOWV
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 ,QWURGXFWLRQ
0RGLILHG&U0RRU 3ZDVRULJLQDOO\GHYHORSHGLQ86$E\WKH2DN5LGJH1DWLRQDO/DERUDWRU\251/IRU
DSSOLFDWLRQ LQ WKH IDVW EUHHGHU UHDFWRU DQG KDV QRZEHFRPHZHOO HVWDEOLVKHG VWHHO IRU SRZHU VWDWLRQ FRPSRQHQWV
0RGLILHG&U0RZDV GHYHORSHGE\LQFUHDVLQJWKHQLWURJHQFRQWHQWRIWKHEDVLF&U±0R3VWHHOFRPSRVLWLRQ
DQGDGGLQJVPDOODPRXQWVRI9DQDGLXP9DQG1LRELXP1E0RGLILHG &U0R 3 VWHHO LVEHLQJFRQVLGHUHG
IRUWKHVWUXFWXUDOPDWHULDORIWKH UHDFWRUSUHVVXUHYHVVHODQGSLSLQJLQDGYDQFHGUHDFWRUVVXFKDVD9+75DQGD6)5
6RGLXP)DVW5HDFWRU )D]OXGGLQHW DO  LQYHVWLJDWHG WKHXVHRIDGYDQFHGPDWHULDOV LQD9+759HU\+LJK
7HPSHUDWXUH 5HDFWRU 0RGLILHG &U0R VWHHO LV SUHIHUUHG FKRLFH LQ UHDFWRU WR DXVWHQLWLF VWHHO GXH WR LWV JRRG
WKHUPDOFRQGXFWLYLW\ORZWKHUPDOH[SDQVLRQUHVLVWDQFHWRVWUHVVFRUURVLRQFUDFNLQJLQKLJKWHPSHUDWXUHZDWHUDQG
VWHDP HQYLURQPHQW6WHDP JHQHUDWRUV PDGH RI WKLV VWHHO KDYH EHHQ LQVWDOOHG LQ ,QGLD¶V 0:H 3URWRW\SH )DVW
%UHHGHU5HDFWRU3)%5ZKLFKLVDWDQDGYDQFHGVWDJHRIFRPPLVVLRQLQJDW.DOSDNNDP .XPDU9HWDO
,QFDVHRIQXFOHDU)XVLRQDSSOLFDWLRQIRUGHYHORSPHQWRIIDEULFDWLRQWHFKQRORJLHVIRU,QGLDQ//&%/HDG/LWKLXP
&HUDPLF %UHHGHU 7%0 7HVW %ODQNHW 0RGXOH PRGLILHG &U0R VWHHO LV XVHG DV D VXUURJDWH PDWHULDO IRU
IDEULFDWLRQRIPRFNXSVRI7%0DQGLWVVXEFRPSRQHQWV,QPRFNXS7%0DQGLWVVXEFRPSRQHQWV PRGLILHG&U
0R VWHHO LV FRQVLGHUHG WR EH XVHG IRU D UDQJH RI WKLFNQHVVHV PP PP PP PP PP HWF
5DMHQGHUDNXPDUHWDO 
7LOO QRZ IHZ UHVHDUFKHUVSXEOLVKHGZRUNRQ WKHUPRPHFKDQLFDO DQDO\VLV IRU PRGLILHG&U0RZHOGLQJ OLNH
'HQJ HW DO  ZKRKDV VLPXODWHG ZHOGLQJUHVLGXDOVWUHVVDQDO\VLV LQ$%$486 IRUDPPWKLFNSLSHPXOWL
SDVV *7$ ZHOGLQJ .LPHW DO  PHDVXUHG WKH UHVLGXDO VWUHVV GLVWULEXWLRQV IRU WZR 9EXWW DQG 7SODWH RI
PRGLILHG&U0RVWHHOZHOGHGVSHFLPHQV XVLQJ$%$486SKDVHWUDQVIRUPDWLRQLQPDWHULDO ZDVQRWFRQVLGHUHGLQ
PDWHULDO EDVH <DJL HW DO  PHDVXUHG UHVLGXDO VWUHVV DQG WKHUPDO GDWD IRU WKLFN F\OLQGHU XVLQJ PXOWL SDVV














$WLQLWLDOVWDJH EHDGRQSODWH ZLWK GLPHQVLRQV î  î PPZDVZHOGHG IRUKHDWVRXUFHILWWLQJSXUSRVH DW
PPPLQVSHHGIRU$PSFXUUHQWE\ WKH$XWRPDWLF*7$ZHOGLQJPDFKLQH3XUH DUJRQ ZDVXVHGDVFRYHULQJ
DQGSXUJLQJJDVDWOLWPLQVSHHG:HOGVDPSOH ZDV SUHSDUHGE\IROORZLQJGLIIHUHQWVWHSVRIILQLVKLQJSROLVKLQJ
DQGHWFKLQJ XVLQJ 9LOOHOOD¶V UHDJHQWIRUUHYHDOLQJGLIIHUHQWPHWDOOXUJLFDOUHJLRQ)LQDOO\ EXWWMRLQWSODWHVRIVL]H
î  î PPZHUHZHOGHGDWVDPH KHDWLQSXW SDUDPHWHUVDV LQ EHDGRQSODWH
%HDGRQSODWHZHOGVDPSOH ZDVSUHSDUHGLQVXFK D ZD\WKDW WKH ZHOGSURILOH+$=DQGEDVHPHWDOZHUHFOHDUO\
YLVLEOH)=SURILOHRIVDPSOH ZDVPHDVXUHGXVLQJRSWLFDOPLFURVFRSH )LJ VKRZVWKHWRSVXUIDFHRIEHDGRQSODWH
ZKHUHDGGLWLRQRI µDI¶ DQG µDU¶ WRWDOZHOGOHQJWK DQGµE¶ ZHOGZLGWKDUHXVHGIRUKHDWVRXUFHILWWLQJSXUSRVH






'XULQJ ZHOGLQJ VLPXODWLRQ LW LV LPSRUWDQW WR FRQVLGHU WKH PRYLQJ KHDW VRXUFH KHDW ORVV DQG WHPSHUDWXUH
GHSHQGHQWPDWHULDOSURSHUWLHV$PRYLQJKHDW VRXUFHPRGHO ZDVDSSOLHG WR WKH WRS VXUIDFHRIZHOGSRRO]RQHE\
VHWWLQJDKHDWIOX[GLVWULEXWLRQ ZKLFKYDULHVZLWKWLPH([SHULPHQW ZDVSHUIRUPHGDWR&DWPRVSKHULFFRQGLWLRQ$
IRUFHIUHHFODPSLQJZDV JLYHQDWWKHDOOFRUQHUVRIZHOGSODWHZLWK HODVWLFFRQVWUDLQWVRI 1PP VKRZQLQ)LJ
)ROORZLQJDVVXPSWLRQ ZHUHPDGHLQIRUPXODWLRQRIPRGHOGXULQJILQLWHHOHPHQWDQDO\VLVRIZHOG





 :HOGLQJ KHDW VRXUFH PRGHO PRYHG DW D FHUWDLQ SUHGHILQHG VSHHG LQ WKH ZHOGLQJ GLUHFWLRQ RQ D ZHOG
WUDMHFWRU\RQO\
 ,QILQLWHHOHPHQWDQDO\VLV PDWHULDOSURSHUWLHV ZHUH WHPSHUDWXUHGHSHQGHQWKRPRJHQHRXVDQGLVRWURSLF
0DWHULDO SURSHUWLHV GDWDEDVH LV QRW DYDLODEOH IRU PRGLILHG &U0R 3 VWHHO LQ 6<6:(/' GHIDXOW GDWDEDVH
OLEUDU\ VR GDWDEDVHZDV FUHDWHG$OO SK\VLFDO DQGPHFKDQLFDO SURSHUWLHV RI 3 VWHHOZHUH WDNHQ IURP OLWHUDWXUH
+HLQ]H HW DO  XVLQJPDWHULDO GDWDEDVH WRRO 6<6:(/''XULQJZHOGLQJ LQ DGGLWLRQ WRPHOWLQJ DQG
VROLGLILFDWLRQWKDWRFFXUVLQIXVLRQ]RQHWKHUHLVVROLGVWDWHWUDQVIRUPDWLRQRFFXUULQJLQWKH3VWHHO'XULQJKHDWLQJ
SDUW RI WKHZHOG WKHUPDO F\FOHV IHUULWH SKDVHZLWK%RG\&HQWHUHG&XELF %&& VWUXFWXUH WUDQVIRUPV WR DXVWHQLWH
SKDVH ZLWK )DFH&HQWHUHG&XELF )&& VWUXFWXUH ZLWK GHFUHDVH LQ YROXPH ,Q WKH FRROLQJ SDUW RI ZHOG WKHUPDO
F\FOHVDXVWHQLWHWUDQVIRUPVLQWRPDUWHQVLWHZLWK %RG\&HQWHUHG7HWUDJRQDO%&7VWUXFWXUHZLWKDFRUUHVSRQGLQJ
H[SDQVLRQ LQ WKH YROXPH <DJKL HW DO  ,QFDVH RI ZLWKRXW SKDVH WUDQVIRUPDWLRQ ZHOG DQDO\VLV WKHVH
WUDQVIRUPDWLRQVDUH QRWLQFOXGHGLQPDWHULDOGDWDEDVH
)LJ 6FKHPDWLFUHSUHVHQWDWLRQRI%RXQGDU\&RQGLWLRQ
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)LJ  0HVKLQJRIEHDGRQSODWHDQGEXWWMRLQWSODWH
)LJ VKRZVWKHEHDGRQSODWHPHVKHGPRGHORIVL]H î PPXVHGIRUVWHDG\VWDWHDQDO\VLV DQG VTXDUH EXWW
MRLQWSODWHRIVL]H î PPXVHG IRUWUDQVLHQWWKHUPRPHFKDQLFDODQDO\VLV7KHDFFXUDF\RI)($GHSHQGVXSRQ
WKHPHVKGHQVLW\ XVHG LQ WKHUPRPHFKDQLFDO DQDO\VLV'XULQJZHOGLQJ WHPSHUDWXUH LQZHOG OLQH DQG IXVLRQ ]RQH
JRHV EH\RQG WKHPDWHULDOPHOWLQJ SRLQW DZD\ IURPZHOG OLQH WKLV SHDN WHPSHUDWXUH GHFUHDVHV VKDUSO\ -R\ HW DO
 7KHUHIRUHLQRUGHUWRSUHGLFWFRUUHFWWHPSHUDWXUHLQ)=DQG+$=ILQHPHVKLQJLVGRQH 6LPLODUO\ LQRUGHUWR
UHGXFHWKHVLPXODWLRQWLPHFRDUVHPHVKLQJLVGRQHDZD\IURPZHOGOLQH
7KH*ROGDN¶V  GRXEOHHOOLSVRLGDOKHDWVRXUFHPRGHOLVXVHGWRFDOFXODWHYROXPHWULFKHDWIOX[GLVWULEXWLRQV
DURXQG WKHZHOGSRRO7KHKHDWVRXUFHGLVWULEXWLRQVKRZQLQ)LJ  FRPELQHV WZRGLIIHUHQWHOOLSVHV LHRQH LQ WKH
IURQWTXDGUDQWDQGVHFRQGRQHLQUHDUTXDGUDQWRIWKHKHDWVRXUFH3RZHUGHQVLWLHVRIGRXEOHHOOLSVRLGDOKHDWVRXUFH
DUH TI [ \ ] DQG TU [ \ ] WKH\ GHVFULEH KHDW IOX[GLVWULEXWLRQV LQVLGH WKH IURQW DQG UHDU TXDGUDQW RI WKHKHDW
VRXUFH ,QWKLV DI DU E F DUHWKHHOOLSVRLGDOKHDWVRXUFHSDUDPHWHUV DI LVIURQWOHQJWKRIPROWHQSRRO DU LVUHDUOHQJWK
RIPROWHQSRRO F LVGHSWKRISHQHWUDWLRQDQG E LVKDOIZLGWKDVVKRZQLQ)LJ 4 LVKHDWLQSXW II DQG IU SURSRUWLRQDO
FRHIILFLHQWDWIURQWDQGUHDUHOOLSVRLGRIWKHKHDWVRXUFHUHVSHFWLYHO\VXFKWKDW II  IU DQG Y LVZHOGLQJVSHHG 
ZHOG HIILFLHQF\ Ș LVFRQVLGHUHG IRUVLPXODWLRQ
*DXVVLDQ GLVWULEXWLRQ RI SRZHU GHQVLW\ :P LQ HOOLSVRLG LV DPRXQW RI KHDW DSSOLHG SHU XQLW YROXPH +HDW
GHQVLW\ T[ \ ] W DW DQ DUELWUDU\SRLQWZLWKLQ WKH IURQW KDOI HOOLSVRLG DQG WKH UHDU KDOI HOOLSVRLG LV GHVFULEHGE\
IROORZLQJHTXDWLRQ
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REWDLQHG E\ )($ LV YDOLGDWHGZLWK H[SHULPHQWDO )= SURILOHPHDVXUHG E\ RSWLFDOPLFURVFRSH DV VKRZQ LQ )LJ 









7KHUPDOKLVWRU\RIZHOGSODWHLVUHFRUGHGXSWRURRPWHPSHUDWXUHXVLQJ WKUHH WKHUPRFRXSOHVSODFHGDW DQG
 PPGLVWDQFHIURPZHOGOLQH DWWKHWRSRIZHOGSODWH)LJ VKRZVWKHFRPSDULVRQRIPHDVXUHGWKHUPDOF\FOHV
XVLQJWKHUPRFRXSOHZLWKVLPXODWLRQUHVXOWV :KHQKHDWVRXUFHDUULYHV DWZHOGOLQHQRGHWKHWHPSHUDWXUHULVHVWRLWV
SHDN YDOXH ZLWK VXGGHQ LQFUHDVH DQG FRROV GRZQ JUDGXDOO\ RQFH KHDW VRXUFH PRYHV DZD\ &RPSDULVRQ RI
H[SHULPHQWDOZLWKWKHUPDODQDO\VLVUHVXOWVIRUFRQVLGHUDWLRQZLWKDQGZLWKRXWSKDVHWUDQVIRUPDWLRQVKRZHGWKDWWKH
SHDN WHPSHUDWXUHVDUH FORVH WRH[SHULPHQWDO UHVXOWV 3HDN WHPSHUDWXUHPHDVXUHG IRUPPGLVWDQFH LVR& ,Q
FDVH RI ZLWKRXW SKDVH WUDQVIRUPDWLRQ FRQVLGHUDWLRQ LW UHDFKHV XS WR R& DQG ZLWK SKDVH WUDQVIRUPDWLRQ LW LV
R&6LPLODUO\IRU DQGPPGLVWDQFH WHPSHUDWXUHV DUHR&DQGR&E\WKHUPRFRXSOHVZKLOH )($ ZLWK
SKDVH WUDQVIRUPDWLRQ FRQVLGHUHG WHPSHUDWXUHV DUH R& DQGR& DQGZLWKRXW SKDVH WUDQVIRUPDWLRQ DUHR&
DQG R& %DVHG RQ WKHUPDO DQDO\VLV FRPSDULVRQ LW FDQ EH REVHUYHG WKDW FRQVLGHULQJ SKDVH WUDQVIRUPDWLRQ
SURSHUW\LQ PRGLILHG&U0RVWHHO ZLOO QRW DIIHFW VLJQLILFDQWO\ WKHUPDODQDO\VLVRIZHOGLQJ
5HVXOWV RI WKHUPDO DQDO\VLV DUH JLYHQ DV DQ LQSXW IRU PHFKDQLFDO DQDO\VLV DQG UHVLGXDO VWUHVVHV DUH
FDOFXODWHGIURPWHPSHUDWXUHGLVWULEXWLRQGHWHUPLQHGE\WKHUPDODQDO\VLV ,WFDQEHVHHQIURP)LJ UHVLGXDOVWUHVV
SURILOHDFURVVZHOGMRLQWVH[KLELWHGWHQVLOHQDWXUHDWWKHUHJLRQFORVHWRZHOGOLQHDQGFRPSUHVVLYHVWUHVVDZD\IURP
ZHOGOLQH WKLVLVGXHWRGXULQJKHDWLQJWKHFHQWUDO UHJLRQ H[SDQGVEXWWKLVH[SDQVLRQLVUHWDUGHGE\DGMDFHQW]RQH
$ZD\IURP+$=WKHWHQVLOHVWUHVVWUDQVIRUPLQWRFRPSUHVVLYHVWUHVV
)LJ ([SHULPHQWZHOGSURILOHZLWKVLPXODWHGUHVXOW
837 M. Zubairuddin et al. /  Procedia Materials Science  5 ( 2014 )  832 – 840 
)LJ  7KHUPDODQDO\VLVRIZHOGSODWH
)LJ  7KHUPDOF\FOH FRPSDULVRQ DWGLIIHUHQW ORFDWLRQV IURPZHOGOLQH DQGPP
,WFDQEHREVHUYHG IURP)LJ D WKH SHDNYDOXHRIUHVLGXDOVWUHVVDSSHDUVDW WKH ZHOG UHJLRQLWLVODUJHU WKDQ
\LHOG VWUHQJWKRIEDVHPHWDO ,QFDVHRIZLWKRXWSKDVH WUDQVIRUPDWLRQZHOG OLQHDQG+$=DUHFRPSOHWH WHQVLOH LQ
QDWXUH )LJDZKHUHDVLQFDVHRISKDVHWUDQVIRUPDWLRQUHVXOWVVKRZHGWHQVLOHVWUHVVLQ+$=RQO\ )LJE ,Q
838   M. Zubairuddin et al. /  Procedia Materials Science  5 ( 2014 )  832 – 840 
FDVHRIZLWKRXWSKDVHWUDQVIRUPDWLRQDQDO\VLV UHVLGXDOVWUHVVLVWHQVLOHLQQDWXUHIRUZHOGOLQHDQG+$=ZLWKYDOXH
0SDDQG LQEDVHPHWDO ]RQH LW LV GHFUHDVHGXS WR  0SD ZLWK FRPSUHVVLYH LQQDWXUHZKHUH DV LQ FDVHRI
FRQVLGHUDWLRQRI SKDVH WUDQVIRUPDWLRQ WKHUHVLGXDO VWUHVV YDOXH DWZHOG OLQH LV 0SD ZLWK WHQVLOH LQ QDWXUH DQG
QHDUHU WRZHOG OLQHDWPPGLVWDQFH WKLV YDOXH LV LQFUHDVHG WR0SD7KLVFKDQJH LQ VWUHVVYDOXHGXH WR WKH
YROXPHDQG\LHOGVWUHQJWKFKDQJHVDVVRFLDWHGZLWKSKDVHWUDQVIRUPDWLRQRIDXVWHQLWHWRPDUWHQVLWHGXULQJZHOGLQJ
ZKLFK KDV VLJQLILFDQW HIIHFWVRQUHVLGXDOVWUHVV






0SDZLWK SKDVHWUDQVIRUPDWLRQ VLPXODWLRQ IRUVDPH ORFDWLRQ UHVLGXDOVWUHVV LV SUHGLFWHG WR EH 0SDZKHUH
DVLQ FDVHRIZLWKRXWSKDVHWUDQVIRUPDWLRQLW LV SUHGLFWHG WREH 0SD'XHWR 0DUWHQVLWLF WUDQVIRUPDWLRQLQ)=DQG
+$=WKDWJRYHUQVWKHZLGWKRIUHVLGXDOVWUHVVSURILOHFKDQJHVWKHQDWXUHRIUHVLGXDOVWUHVVHVIURPWHQVLOHDW)= DQG
+$= WR OHVV WHQVLOH RU FRPSUHVVLYH DW DZD\ IURP)= 'HDQ HW DO  ,Q FDVHRIZLWKRXW SKDVH WUDQVIRUPDWLRQ
UHVLGXDO VWUHVV LQ )= DQG+$= LV FRPSOHWHO\ WHQVLOH LQ QDWXUH 0HDVXUHG UHVLGXDO VWUHVV DWZHOG OLQH LV 0SD
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)LJ 5HVLGXDOVWUHVV&RPSDULVRQZLWK)LQLWHHOHPHQWDQDO\VLV
1XPHULFDOO\SUHGLFWHGUHVLGXDOVWUHVVLQEDVHPHWDOFRQVLGHULQJZLWKRXWSKDVHWUDQVIRUPDWLRQDUHODUJHUWKDQZLWK
SKDVH WUDQVIRUPDWLRQ DQG H[SHULPHQWDOPHDVXUHG YDOXHV7KLV VKRZV WKDW WKH SKDVH WUDQVIRUPDWLRQ HVSHFLDOO\ WKH
YROXPHFKDQJHVKDVDVLJQLILFDQWLQIOXHQFHRQUHVLGXDOVWUHVVGLVWULEXWLRQ9ROXPHFKDQJHVFDQ ODUJHO\UHGXFH WKH
DFFXPXODWHGORQJLWXGLQDOVWUHVVHVEHIRUHWKHVWDUWRI $XVWHQLWLF0DUWHQVLWLF WUDQVIRUPDWLRQ%HFDXVHRI 0DUWHQVLWLF
WUDQVIRUPDWLRQWHPSHUDWXUHLVORZVROLGVWDWHWUDQVIRUPDWLRQFKDQJHG WKHPDJQLWXGHRIORQJLWXGLQDOVWUHVVYDOXHDW
ZHOG OLQH ,W LV FRQFOXGHG EDVHG RQ WKLV VLPXODWLRQ WKDW WKHUPRPHFKDQLFDO DQDO\VLV ZLWKRXW FRQVLGHULQJ SKDVH
WUDQVIRUPDWLRQ IRUPRGLILHG&U0RVWHHO JLYHV KLJKHUVWUHVVYDOXHZKLFK VLJQLILFDQWO\GLIIHUV IURP DFWXDO VWUHVV
YDOXH 1DWXUHRI UHVLGXDOVWUHVVSUHGLFWHGE\VLPXODWLRQZLWKDQGZLWKRXWSKDVHWUDQVIRUPDWLRQVDUHPDWFKLQJZLWK
H[SHULPHQWDOO\ PHDVXUHG YDOXH LQ +$= EXW RQ ZHOG OLQH WKHUH LV ODUJH GLIIHUHQFH REVHUYHG IRU ZLWKRXW SKDVH
WUDQVIRUPDWLRQ SUHGLFWHG FDVH +HQFH IRU DFFXUDWH VLPXODWLRQ RI PRGLILHG &U0R VWHHO ZHOGLQJ SKDVH
WUDQVIRUPDWLRQHIIHFWVVKRXOGEHFRQVLGHUHGLQPDWHULDOGDWDEDVHSURSHUWLHV
&RQFOXVLRQ
$' ILQLWHHOHPHQWPRGHO ZDV XVHG WRVLPXODWH PPWKLFN PRGLILHG&U0RVWHHOSODWHZHOGLQJFRQVLGHULQJ
ZLWKDQGZLWKRXWSKDVHWUDQVIRUPDWLRQ ([SHULPHQWDOO\ PHDVXUHGWKHUPDOF\FOHVDQG QXPHULFDO UHVXOWVVKRZHGWKDW
FRQVLGHUDWLRQRISKDVHWUDQVIRUPDWLRQZLOOQRW HIIHFWV RQWKHUPDODQDO\VLV DVZLWKDQGZLWKRXWSKDVHWUDQVIRUPDWLRQ
ZHUH PDWFKHG FORVHO\ WR H[SHULPHQWDO UHVXOWV 0HFKDQLFDO DQDO\VLV UHVXOWV VKRZHG WKDW SKDVH WUDQVIRUPDWLRQ LQ
PRGLILHG &U0R VWHHO ZHOGLQJ DIIHFWV UHVLGXDO VWUHVV SUHGLFWLRQ 7KH UHVLGXDO VWUHVV YDOXHV DUH PDWFKHG ZLWK
QXPHULFDOUHVXOWVFRQVLGHULQJ SKDVHWUDQVIRUPDWLRQ 7KH FKDQJHLQ UHVLGXDOVWUHVV LQ)=DQG+$=GXHWRFKDQJHRI
0DUWHQVLWLF SKDVH LV REVHUYHGLQSKDVHWUDQVIRUPDWLRQFRQVLGHUDWLRQRQO\ZKHUHLQFDVHRIZLWKRXWSKDVHDQDO\VLV
SUHGLFWHGYDOXHRIUHVLGXDOVWUHVVLVKLJKHUDVFRPSDUHGWRDFWXDOYDOXH +HQFHIRU PRGLILHG&U0R VWHHOSKDVH
WUDQVIRUPDWLRQLQGDWDEDVHVKRXOGEHFRQVLGHUHG
$FNQRZOHGJHPHQWV
$XWKRU ZRXOG OLNH WR WKDQN 6 0DKDGHYDQ IURP 1'(' GLYLVLRQ ,*&$5 .DOSDNNDP IRU DOO WKH UHVLGXDO VWUHVV
PHDVXUHPHQWV E\ ;5'7HFKQLTXH DQG DXWKRU ZRXOG DOVR OLNH WR H[SUHVV VLQFHUH JUDWLWXGH WR 0 9DVXGHYDQ07'
,*&$5DQG ( 5DMHQGHUDNXPDU 7%0 ,35 IRUWKHLU YDOXDEOHVXJJHVWLRQ DQGVXSSRUW
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